Simian virus 40 (SV40) recombinants carrying the adenovirus type 12 ElA gene were constructed. The SV40 expression vector was constructed by removing most of the VP1 gene and an internal part of the intervening sequence for late 16S RNA and by joining the 5' and 3' splice sites into a small segment. The adenovirus type 12 ElA gene with or without its own promoter was inserted downstream from the SV40 late promoter and the splicing junctions. The recominant DNA was propagated and packaged in monkey cells by cotransfection with an early temperature-sensitive mutant (tsA58) DNA as helper. Immunofluorescent staining of the monkey cells infected with the resulting virus stocks showed that up to 20% of the cells overproduced the ElA gene products in the nuclei. Two-dimensional gel electrophoresis of the products indicated that the products were very similar or identical to the authentic polypeptides synthesized in adenovirus type 12- infected human embryo kidney cells. The ElA mRNA was initiated at the SV40 late promoter irrespective of the presence of the EIA promoter and terminated at either the ElA or the SV40 polyadenylation signal. These hybrid mRNAs were correctly spliced in the ElA coding region.
The early adenovirus genes ElA and E1B, located in the leftmost 11% of the viral genome, are involved in both the transformation of susceptible cells in culture and the lytic growth of virus in permissive cells (34) . The ElA gene alone can transform the cells but is not sufficient to completely transform them (11, 30) . During lytic infection, the ElA gene is expressed first (21) and promotes the accumulation of transcripts from the other early genes, E1B, E2, E3, and E4 (pre-early function), since the amounts of these transcripts are greatly reduced in cells infected with host range and deletion mutants defective in the ElA gene (1, 12) . Two alternative mechanisms have been proposed for this accumulation of early transcripts, one acts at a transcriptional level (20) and the other at a posttranscriptional level (25) .
The ElA gene encodes several related proteins by synthesizing multiple species of mRNA which receive different patterns of RNA splicing (8, 27, 29) . In the case of adenovirus type 12 (Adl2), a cluster of several proteins with molecular weights of 35,000 to 40,000 have been identified (29) . These proteins were localized in the nuclei of infected and transformed cells and were designated as T antigen g based on their granular appearance revealed by immunofluorescence. In spite of the interesting multiple functions of the ElA gene, no definite biological function of the ElA gene products has been characterized in vitro, mainly due to a low amount of the products produced in adenovirusinfected cells.
Simian virus 40 (SV40) has been used as a vector for cloning and for expression of a variety of eucaryotic genes in monkey cells (3, 5-7, 9, 15, 18, 24, 32) , owing to its simple, well-analyzed genomic structure. In the present study, SV40 recombinants carrying the Ad12 ElA gene were constructed to hyperproduce the ElA gene products. The SV40 expression vector was constructed by removing almost all of the coding sequence of the major capsid protein VP1 and most of the intervening sequence for late 16S RNA and by joining the 5' and 3' splice sites into a small segment. By using this vector, DNA of up to about 1,900 base pairs (bp) can be inserted, irrespective of the presence of its own splicing junctions. The Adl2 ElA gene inserted in this vector was efficiently expressed in monkey cells. Hirt (10) . Aliquots (0.5 ,ug) of heat-denatured DNA were spotted onto a circular area marked on a Millipore membrane filter as previously described (14) (Fig. lb) . The latter fragment was used to determine the efficiency of the utilization of the Adl2 ElA promoter in the SV40 vector. These fragments were cloned in pBR322 by using HindIll and BamHI linkers (Fig. lb) .
To construct an SV40 vector which still retains the late mRNA splice junctions in addition to the initiation and termination signals for late mRNA, a small DNA segment in which the 5' and 3' splice sites for late 16S RNA were joined by removing most of the intervening sequence was cloned in pBR322 (Fig. la) . The DNA fragment containing the splice junctions was generated by cleaving the plasmid DNA with KpnI and HindIll.
For the construction of the pBR322-SV40-Adl2 double-recombinant plasmid, the pBR322-SV40 recombinant (no. VIII in Fig. lc ) was cleaved completely with KpnI and partially with BamHI; the large DNA fragment containing the whole pBR322 sequences and the entire SV40 early region with the replication origin (Fig. lc) was then mixed with an equimolar ratio of the Adl2 ElA DNA generated by cleavage with HindlIl and BamHI and the small fragment containing the splice junctions and was introduced into E. coli after ligation. The transformants containing the double-recombinant plasmid were selected after cleavage of the plasmid DNA with an appropriate restriction enzyme (Fig. ld) . These plasmids were designated as pSAdElA and pSAdElAp; the former contained the Adl2 E1A coding region and polyadenylation site, and the latter contained the main promoter for the ElA gene in addition to the former sequences. The precise structures of pSAdElA and pSAdElAp were confirmed by digestion with AvaIl, which cleaves these DNAs at multiple sites (Fig.  2 ). An (Fig. 3) . The ase mapping of the cytoplasmic RNA prepared from the infected cells at the late phase of infection. The RNA was hybridized with uniformly 32P-labeled Adl2 EcoRI DNA fragment C (0-16.5 map units). After S1 nuclease treatment, the DNA-RNA hybrid was electrophoresed in both alkaline and neutral agarose gels (Fig. 4) . When the hybrid formed with SVAdElAp RNA (the cytoplasmic RNA prepared from the SV-AdElAp-infected cells) was electrophoresed at alkaline pH, four segments of 730, 640, 450, and 310 bases were detected (Fig.  4, lane b) (Fig. 4, lane a) . S1 nuclease treatment of the hybrid yielded three bands of 570, 480 plus 450, and 310 bases. The former two bands correspond to the 5'-coding segment of the Al and A2 mRNA species, respectively. The intensity of these bands was stronger than that of bands generated from the SV-AdElAp hybrid, indicating that more of the hybrid mRNA was present in SV-AdElA-infected cells than in SV-AdElAp-infected cells. The amount was, therefore, proportional to the amount of the recombinant virus in the virus stocks.
S1 nuclease mapping of the DNA-RNA hybrids in neutral agarose gels confirmed the esti- were spotted onto the filter as indicated and hybridized with a 32P-labeled Adl2 KpnI fragment (1.7-16 .0 map units). Reconstruction spots were made with the indicated amounts of SV-AdElA DNA plus salmon sperm DNA (total, 0.5 pLg). mation described above. The hybrids formed with SV-AdElA RNA (Fig. 4, lane c) (Fig. 4, lane d) (Fig. 4, lanes c and d) seem to be generated by cleavage of the DNA-RNA hybrid at the splice site. The origin of the other faint bands has not been determined.
Synthesis of Adl2 ElA gene products in recombinant-virus-infected cells. The expression of the ElA gene in the recombinant-virus-infected monkey cells was analyzed by indirect immunofluorescence. CV1 cells on cover slips were infected with SV-AdElA or SV-AdElAp recombinant virus stocks at 41°C, and the cells were stained with immunofluorescent antibody at 48 to 60 h after infection. The products (T antigen g) were detected in the nuclei (Fig. 5) and had a morphology similar to that of products synthesized in Ad12-infected HEK cells (29) . The percentage of positive cells in SV-AdElA-infected cells varied between 10 and 20%, depending on the virus stocks used, but did not exceed 20%, presumably due to a small amount of the recombinant virus in the virus stocks. The strong intensity of immunofluorescence, however, indicates that T antigen g was overproduced in most of these positive cells. In SV-AdElApinfected cells only 5% of the cells exhibited T antigen g, as could be expected from a smaller amount of recombinant virus in the virus stocks.
The ElA gene products synthesized in the recombinant-virus-infected cells were labeled with [35S]methionine and analyzed by two-dimensional gel electrophoresis followed by autoradiography. The amount produced was compared with that synthesized in Adl2-infected and -transformed cells by electrophoresis of the cell extracts directly without immunoprecipitation (Fig. 6) . A cluster of polypeptides (molecular weight, 35,000 to 40,000; pl, 5.0 to 5.5) was clearly visible in the extracts prepared from SVAdElA-infected GC7 and CV1 cells (Fig. 6a and  b) . A much greater amount of the peptides was detected in the infected GC7 cells than in the infected CV1 cells, presumably due to the difference in the susceptibility of the cells to SV40 infection as stated above. These peptides were detected at a position similar to that of the ElA polypeptides immunoprecipitated from the extract of Adl2-infected HEK cells (Fig. 6d) . No significant amount of the polypeptides was detected in the extracts from Ad12-infected KB cells (Fig. 6e) or from 3YgE1A cells which were transformed with an Ad12 DNA fragment containing the ElA gene (Fig. 6f) . No polypeptide was detected in uninfected GC7 cells (Fig. 6c) .
DISCUSSION
The SV40 vector used in the present study is useful for cloning and for expression of a foreign gene of up to approximately 1,900 bp in monkey cells. Since the vector not only contains the initiation and termination signals for transcription but also retains the splicing junctions downstream from the late promoter, the gene to be inserted does not have to possess its own splicing junctions for expression. The Adl2 ElA gene with or without its own promoter was inserted into this vector to see whether the ElA promoter is recognized in the vector. The recombinant DNAs were propagated and packaged by cotransfection with SV40 tsA58 DNA as a helper in monkey cells. The ElA gene prod- cated that the transcripts were initiated exclusively at the SV40 late promoter. The ElA promoter could not be utilized, presumably owing to its promoter activity being weaker than that of the SV40 late promoter under the conditions used. The expression of this promoter may be restricted to the early phase of infection or may need more base sequences upstream from the presumed ElA promoter, or both. In contrast, the ElA polyadenylation signal was recognized. Although a majority of the hybrid mRNA was terminated at the SV40 polyadenylation site, a small but significant amount of RNA was terminated at the ElA polyadenylation site. The hybrid RNA was correctly spliced in the ElA coding region, and nearly equal amounts of Al and A2 mRNA species were generated, as would be the case in Adl2-infected human cells.
Translation of these hybrid mRNAs transcribed from the SV-AdElA recombinant must be efficient, since the ATG codon for the ElA polypeptides is located only 7 bp downstream from the 5' end of the inserted Adl2 ElA DNA. The distance between the upstream 3' splice site and the ATG codon is therefore 40 bp and is almost the same as that between the 3' splice site and the ATG codon for the VP1 (36 bp) in 16S mRNA. This distance in the recombinant SVAdElAp was about 100 bp longer than that in SV-AdElA; however, the efficiency of translation of the hybrid mRNAs may not be as different between SV-AdElAp and SV-AdElA recombinants, since the amount of the ElA polypeptides synthesized seemed to be proportional to that of the hybrid mRNAs synthesized. 6 . Two-dimensional gel electrophoresis of proteins from recombinant-virus-infected cells. Confluent monolayers of CV1 (7 x 106) and GC7 (2 x 106) cells were infected with 1.0 ml of the SV-AdElA virus stock at 41 and 39.5°C, respectively. The cells were labeled with [35S]methionine for 2 h in methionine-free medium at the times indicated below. As controls, KB and HEK cells were infected with Adl2 at 10 and 50 PFU per cell, respectively, in the presence of 25 ,ug of cytosine arabinoside per ml at 37°C and were similarly labeled with
[35S]methionine at 22 and 12 h after infection, respectively. The cell extracts were prepared as described in the text and subjected to two-dimensional gel electrophoresis. Each electrofocusing is from left (basic) to right (acidic). Since the second-dimension electrophoresis in panel d was carried out in a 13% gel instead of a 15% gel, the polypeptides migrated slightly faster than in the other panels. Panels: a, SV-AdElA (GC7 cells, 36 h) (13) . The EtA coding sequences may also be inhibitory to propagation of the recombinant DNA since an SV40 recombinant carrying the Adl2 EtB gene (SV-AdElB-B) propagates very efficiently in monkey cells, as described in the following paper (22) . It has been suggested that 70 to 100% of full-length SV40 DNA is suitable for packaging (19) ; however, the efficiency of packaging may differ significantly within the lengths in this range. The length of the recombinant SV-AdElB-B DNA (5,307 bp) is 101% of full length, whereas the recombinant SV-AdElA and SV-AdElAp DNAs correspond to 85 and 88% of full length, respectively. The upper limit of the size is also critical for packaging; a length 102% of full length could not be packaged (19) .
Second, the susceptibility of monkey cells to SV40 and the efficiency of transfection are important factors for obtaining a virus stock with a higher ratio of recombinant virus, especially if the recombinant DNA is replicated and packaged inefficiently as compared with the helper DNA. We consistently observed that the virus stocks prepared with GC7 cells contained higher ratios of the recombinant virus than those prepared with CV1 cells. As The probability of generation of WT SV40 by recombination between the recombinant and helper DNAs may be lowered if the mutant which deleted most of the SV40 early region is used as helper. It has been recently reported that the helper DNA pSVL5, in which only the early region between the origin and the TaqI site (about 500 bp) is retained, efficiently replicates in Cosl cells (4) , giving rise to mature virions (9) .
The ElA gene of adenovirus is involved in both the activation of other early genes in the lytic infection cycle and the transformation of susceptible cells. In spite of these interesting multiple functions, no biological activity of the gene products has been investigated in vitro.
Efficient production of the EtA gene products in monkey cells will facilitate their purification and the analysis for biological activities in vitro.
